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Abstract 
Introduction: Over 90% of females and over 80% of males in Samoa are either overweight or 
obese. The continuing economic and nutrition transition in Samoa has contributed to a sharp rise 
in prevalence. Excess weight affects both the younger and older generation of Samoa. With little 
evidence of decreasing prevalence in overweight or obesity, the country needs to make weight 
loss/prevention of weight gain a public health priority. This paper will look at the behaviors of 
healthy positive weight deviants in Samoa to inform targetable changes the population can make. 
Setting/Participants: 3,475 participants were eligible for this study from four census regions in 
Samoa. Of those participants, 301 were healthy positive weight deviants, defined as normal 
weight (BMI<26 kg/m2), non-diabetic, and having no more than one of the following metabolic 
syndrome components: high triglycerides, hypertension, and high total cholesterol. 
Methods: The data were collected as part of a genome-wide association study for obesity from 
February to July 2010. A combination of ANOVA, chi-square, t-tests, and Kruskal-Wallis 
analyses were conducted to identify modifiable risk factors that were significantly different 
between the healthy positive weight deviant group and the rest of the population. Logistic 
regression analyses were conducted to identify the factors associated with being a healthy 
positive weight deviant that stayed statistically significant after controlling for other variables. 
Results: Concentrating only on modifiable behaviors, among males, being a plantation worker 
(OR = 3.14 [1.75, 6.17]) or being unemployed (OR = 2.42 [1.24, 5.04]) increased the odds of 
being a healthy positive weight deviant compared to those in professional jobs, as did being a 
current smoker (OR = 1.54 [1.10, 2.18]). Among females, increased vegetable consumption 
increased odds of being a healthy positive weight deviant (OR = 1.10 [1.00, 1.19]). 
Conclusions: Evidence suggests that occupation may be a proxy for physical activity in this 
setting. Those who work in the plantation fields are getting more exercise than those working in 
professional jobs, suggesting a need for population-level interventions targeting physical activity. 
Results also suggest that vegetable consumption should be targeted in the effort to increase the 
health of the Samoan population.  
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The prevalence of overweight and obesity in Samoa, a Polynesian country where 
individuals are of Pacific Islander ethnicity, is excessively high—91.3% among females and 
80.4% among males (Hawley, Minster, Weeks et al., 2014). These numbers are concerning from 
a health perspective because adults affected by overweight or obesity are at higher risks for other 
medical conditions such as cardiovascular health risks, hypertension, osteoarthritis, diabetes, and 
many cancers (Ernst et al., 1997; Field et al., 2001; Malnick and Knobler, 2006; Moghaddam, 
Woodward and Huxley, 2007; Zhang et al., 2008; Hall et al., 2010).  
The rise in the prevalence of obesity parallels significant developmental progress and 
nutrition transition in Samoa over the past 40-50 years. Generally the more developed a country 
is, the more sedentary the population becomes, while significant changes to dietary intake 
patterns occur in parallel (Keighley et al., 2007; Seiden et al., 2012). Obesity is not just affecting 
the older population—the prevalence is climbing among children and adolescents as well 
(Keighley et al., 2007; Davison et al., 2007; Kessaram et al., 2015). Given that those with high 
body mass indexes (BMI) at young ages are at high risks for being overweight or obese in 
adulthood, it becomes imperative to prevent excess weight gain earlier in life (Guo et al., 2002; 
Guo et al., 2000; Dietz, 1998). Therefore, determining the modifiable risk factors for obesity 
would aid in creating population-targeted recommendations on how to prevent obesity or further 
weight gain. Population-specific approaches are needed in this context due to the normalcy of a 
high BMI.  
Positive deviance refers to individuals with better health outcomes than their peers 
(Marsh et al., 2004; Walker et al., 2007). Using this concept for obesity, positive weight deviants 
are those who are normal weight in a setting where being overweight or obese is more common. 
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Interventions that have used the beneficial behaviors of positive deviants as a basis for 
recommending change to others in the community in order to improve health outcomes have 
proven successful in the past (Marsh et al., 2004). In the context of Samoa, where the prevalence 
of obesity is high, looking at the differences in behaviors—from dietary to lifestyle—between 
positive weight deviants and their peers may inform population-level weight intervention 
recommendations.  
It has been well established that consumption of sugar-sweetened beverages (Bundrick et 
al., 2014) and small amounts of excess calories (Pereira et al., 2013) lead to weight gain. It has 
also been established that consumption of fruits and vegetables is associated with weight loss 
(Bertoia et al., 2015), reduced risk of weight gain (He et al., 2004), and reduced risks for many 
diseases including cancer and heart disease (Van Duyn and Pivonka, 2000). A sedentary lifestyle 
is associated with an increase in fat mass and body weight (Shook et al., 2015). This paper will 
seek to determine whether there are differences in these modifiable variables—as well as 
associated variables such as intake of Samoan-specific foods and community spirit—between 
those who are normal weight and metabolically healthy in the Samoan population compared to 
the segments of the population categorized as normal weight but not healthy, overweight, or 
obese.  
The objective of this paper is two-fold. First, by looking at various metabolic measures in 
the Samoan population, we hope to determine whether the “positive weight deviants” in the 
Samoan population are metabolically healthy. It is not uncommon for individuals who are 
normal weight to be metabolically unhealthy (Gomez-Ambrosi et al., 2011; Ruderman, 
Schneider, and Berchtold, 1981), so if recommendations for policy changes are to be made based 
on the behaviors of positive weight deviants, then the behaviors analyzed should be those among 
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those who are healthy and normal weight. Secondly, taking these healthy positive weight 
deviants, we will then look at their nutrition and physical activity behaviors to determine what 
potentially modifiable behaviors appear to be protective against obesity and therefore may be 
targeted in recommending behavioral changes to the wider Samoan population. 
Methods 
This is a secondary analysis of data collected in the independent nation of Samoa in 2010. 
The purpose of the original study was to use genome-wide association study methods to explore 
the relationship between genetic variation and adiposity among adult Samoans, and to 
understand how these variations interact with environmental exposures. Detailed description of 
the data collection process is presented in an earlier paper and summarized below (Hawley, 
Minster, Weeks et al., 2014). 
Study Population 
A convenience sample of approximately 3,500 adults aged 24.5 to <65 years old living in 
all four census regions of Samoa from February to July 2010 was asked to participate in the 
study. All were individuals of self-reported Samoan ethnicity, defined, as in prior Samoan 
studies, as having four Samoan grandparents (Hawley, Minster, Weeks et al., 2014). To be 
included in the original study, participants had to be of Samoan origin, between the ages of 24.5 
and less than 65 years old, and without severe physical or cognitive impairments. All had to be 
willing and able to complete the interview portion of the study, to be conducted in Samoan. 
Females could not be pregnant. Of the originally recruited 3,504 recruited participants, 3,475 




Study Design and Measurements 
A questionnaire administered by interviewers inquired information regarding socio-
demographic characteristics (age, marital status, education), household asset ownership (as a 
measure of socioeconomic status), health history, physical activity, and nutritional intake over 
30-days. Height was measured using a portable anthropometer (Pfister Imports, New York, NY) 
and weight was measured using a digital scale (Tanita Corporation of America, IL). Together, 
weight and height were used to calculate BMI. Polynesian cut-offs were used in this study to 
classify participants as normal weight (BMI < 26 kg/m2), overweight (BMI 26 - 32 kg/m2), or 
obese (BMI > 32 kg/m2) because although Polynesians have higher mean fat mass and 
percentage body fat than Europeans, at higher BMI levels, Polynesians have lower body fat 
levels than BMI-matched European counterparts (Swinburn et al., 1999). Blood pressure was 
measured three times (3-minute rest period between measurements) after an initial ten-minute 
seated rest period. The average of the second and third measurements was used in analyses. Type 
2 diabetes status was ascertained with a fasting venous blood sample and defined as having 
fasting serum glucose > 126 mg/dl or currently taking medication for diabetes (American 
Diabetes Association, 2012). Total cholesterol, high density lipoprotein (HDL) cholesterol, low 
density lipoprotein (LDL) cholesterol, and triglycerides were measured after a 10-hour overnight 
fast using enzymatic in vitro tests by Roche reagents on a Roche Double Modular P Analytics 
automated analyzer (Hawley, Minster, Weeks et al., 2014).  
Dietary intake was assessed using a 104-item Food Frequency Questionnaire (FFQ) with 
a 30-day reference period. The questionnaire was based on a validated 2002-2003 version used 
in Samoa and American Samoa (DiBello et al., 2009) and updated to include newly available 
foods. The frequency of intake of individual items was measured across seven categories ranging 
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from never/less than once per month to more than six times per day. Daily intake of energy and 
nutrients was computed by multiplying the daily consumption frequency of each food by the 
nutrient content of a fixed, standard portion size. The nutrient content of FFQ items were based 
on the USDA Food Composition Tables (United States Department of Agriculture [USDA], n.d.) 
with complementary information from the FAO Pacific Island food composition tables (Dignan 
et al., 2004) used for locally produced items. 
Identification of Healthy Positive Weight Deviants  
To identify the metabolically healthy positive weight deviants among the sample, we first 
selected all those with healthy weight (defined as a normal BMI), which resulted in a healthy 
weight sample of 454 participants (13% of the total study sample). We then made further 
exclusions based on the presence of cardiometabolic disease to ensure that positive weight 
deviants were also metabolically healthy. Healthy weight participants with diabetes or with 
missing data for diabetes status were automatically excluded (n=109) because prescribed 
medication may have driven their healthy positive weight deviant status. Among the remaining 
healthy weight individuals, we then excluded anyone with more than one metabolic risk factor of 
the three used in this study: high triglycerides, hypertension, and high total cholesterol (n=44). 
We allowed people to have one risk factor because excluding everyone with any of the three 
metabolic risk factors would have reduced the sample size to 186 participants, which would have 
been too small for the proposed analyses. These metabolic measures were chosen as indicators of 
health because they are components of the metabolic syndrome, which is a significant risk factor 
for cardiovascular disease and type 2 diabetes (Eckel, Grundy, and Zimmet, 2005). Waist 
circumference, although part of the metabolic syndrome criteria, was not used as an exclusion 
criteria here because researchers measured abdominal circumference at the level of the umbilicus 
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rather than following the World Health Organization (WHO) recommended protocols for waist 
circumference. After all exclusions, there were 301 participants in the “healthy positive weight 
deviants” group. See Figure 1. 
Dependent Variables: 
Healthy positive weight deviants were defined as having a normal BMI, were non-
diabetic, and had no more than one of the following metabolic risk factors: 
- high triglycerides: > 1.69 mmol/l (National Cholesterol Education Program, 2001) 
- hypertension: having either a systolic blood pressure > ︎140 mm Hg or diastolic blood 
pressure > 90 mm Hg, or currently taking medication for hypertension (Chobanian et 
al., 2003) 
- high total cholesterol: > 5.2 mmol/l (National Cholesterol Education Program, 2001) 
Independent Variables 
To determine whether weight-related behaviors differed between healthy positive weight 
deviants and others in the sample, we identified several theoretically important modifiable risk 
factors for overweight and obesity: 
a. average total calories/day: The average total calories consumed in a day was 
estimated using a 104-item FFQ with a 30-day reference period (described 
above).  
b. % calories from macronutrients: Using the macronutrient information provided by 
the USDA Food Composition Tables (USDA, n.d.) with complementary 
information from the FAO Pacific Island food composition tables (Dignan et al., 
2004) used for locally produced items, total intake of protein, fat, and 
carbohydrates (in grams) were estimated for each participant. Total protein and 
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carbohydrate (grams) were multiplied by four calories, and fat by nine, to obtain 
the total calories from each macronutrient the participant had consumed. 
Macronutrient calories were divided by total calories to estimate the proportion of 
total calories from each macronutrient.  
c. soft drinks/day: Using the soft drink item from the FFQ, the frequency in which 
participants consumed 12-ounce cans of soft drinks a day was multiplied by the 
number of servings they typically consume in one sitting to create this variable. 
d. Moderate/Vigorous Physical Activity (minutes/day): Physical activity was 
measured using the WHO Global Physical Activity Surveillance (GPAQ) 
questionnaire (WHO(a), n.d.). Per the WHO analysis protocol, we summed the 
minutes spent per week in the following activities: vigorous/moderate work 
activity, transport (i.e., walking or cycling), and vigorous/moderate recreational 
activity. The sum of minutes of activity per week was divided by seven to get a 
daily average (WHO(b), n.d.).  
e. amount of coconut cream consumed/day: Although not a traditional variable used 
in other studies of this kind, this is a variable worth exploring in this setting 
because coconut products contribute a great proportion of dietary fat in this 
country (Seiden et al., 2012). Measured by the FFQ, the frequency in which 
participants consumed coconut cream (both diluted and not) per day was 
multiplied by the number of servings they typically consume in one sitting to 
create this variable. 
f. amount of fruit consumed/day: The reported frequencies in which participants ate 
the following fruits from the FFQ were multiplied by a fixed, standard portion 
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size and then summed: banana, apple, orange, guava, pineapple, papaya, mango, 
and other fruits. This total was then used to represent the total number of portions 
of fruit consumed per day. Using this new variable, we eliminated those with 
reported daily consumption two standard deviations above the mean to remove 
suspiciously high reported amounts. 
g. amount of vegetables consumed/day: The reported frequencies in which 
participants ate the following vegetables from the FFQ were multiplied by a fixed, 
standard portion size and then summed: laupele (a local leafy, green vegetable), 
string beans, corn, carrots, eggplant, pumpkin, cabbage, tomato, and cucumbers. 
This total was then used to represent the total number of portions of vegetables 
consumed per day. We eliminated those with reported daily consumption two 
standard deviations above the mean to remove suspiciously high reported 
amounts. 
h. smoking status: Participants were asked whether they currently smoked. Past 
smoking behaviors, while important, were not considered because so few 
individuals included in the non-smoking group (n<40) had previously smoked.  
i. community spirit indicators: This variable was asked as level of “community 
spirit” and coded 0-4 (very weak to very strong). It was included because 
community spirit has been previously associated with obesity, diabetes, and other 
risk behaviors in Samoa (Hawley et al., 2011). While we did not provide 
participants with a definition of community spirit, it has previously been indicated 
to represent the pride individuals feel for their communities or their strength of 
the relationships among village residents.   
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We also explored some non-modifiable risk factors for informational purposes:  
a. age: The variable used was age in decimal years (i.e., 24 ½ years was coded as 
24.5 years). 
b. census region: The four options included the Apia Urban Area (urban), Northwest 
Upolu (more affluent compared to the other regions and a mix of urban/rural 
residences), Rest of Upolu (rural), and Savai’i (rural).  
c. socioeconomic status (SES) score: The number of consumer durables in the 
household was used as a proxy for household socioeconomic position. The items 
included stove type, refrigerator, portable stereo, VCR, car, couch, house style, 
plumbing, freezer, and washing machine, with ownership of these items summed 
in a score from 0 (lowest SES) to 10 (highest SES).  
d. occupation: The three categories for this variable were 
unemployed/student/retired, plantation worker/laborer, and professional 
(unskilled and skilled). The “professional” category captured a generally 
sedentary group and includes occupations such as managerial, sales, education 
providers, public servants, clerical staff, and custodial staff.  
e. marital status: The two options were single/separated/divorced/widowed or 
married/cohabitating. 
f. education: The options were no formal schooling, less than primary schooling, 
completed primary schooling, completed secondary schooling, completed 
college/university, and postgraduate degree. 
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Though not modifiable, these variables will allow us to target preventative policies and 
programs more effectively to certain high-risk population subsets.   
Statistical Analysis 
Taking the healthy positive weight deviant subset, we used RStudio to run ANOVA, chi-
square, t-tests, and Kruskal-Wallis analyses to identify significant differences in modifiable risk 
factors/behaviors between the healthy positive weight deviants and the rest of the population 
(stratified by normal weight but unhealthy, overweight, and obese categorization, as well as a 
general comparison between the healthy positive weight deviant subset and the rest of the 
population). Males and females were analyzed separately due to the differences in demographic 
characteristics. 
From the bivariate analyses, any variables that were statistically significant at the p<0.10 
level (comparing healthy positive weight deviants and the rest of the population) were carried 
forward to the multivariable logistic regression model that compared healthy positive weight 
deviants and the rest of the population. Males and females were analyzed separately due to the 
differences in the statistically significant variables from the bivariate analyses. 
Results 
Table 1 shows the characteristics of the study sample by age and sex. Among males, the 
prevalence of normal weight was highest among the youngest age group, while the prevalence of 
obesity was lowest among the youngest age group. Those in the youngest age group consumed 
more average daily calories than those in the older age groups, though they also did more daily 
exercise than the older age groups. The percent calories from macronutrients were similar across 
all ages. Smoking prevalence was greatest among the youngest age group and lowest among the 
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oldest. For both males and females, those in the obese group not only had a higher SES score 
than those who were healthy positive weight deviants, but also tended to be better educated. 
Among females, prevalence of normal weight decreased slightly with age while 
prevalence of obesity increased slightly. Prevalence of diabetes increased drastically with age. 
While there was no set pattern for average daily calories consumed, those in the youngest age 
group consumed more average calories per day than the oldest age group; as with the pattern 
noted in males, percent calories from the macronutrients were similar across all ages. Minutes of 
physical activity per day were higher in the lowest age group as compared to the oldest age 
group. The percentages of those who report smoking decreased drastically with age. 
As illustrated by Tables 2 and 3, among the entire sample population, there were 454 
people considered normal weight, and of those 301 (66.3%) considered healthy based on the 
study definition. Among the positive weight deviants, 115 (38.2%) had one cardiometabolic risk 
factor. The majority of the healthy positive weight deviants with one cardiometabolic risk factor 
had high total cholesterol as their one risk factor (61.7%), followed by hypertension (32.2%), and 
finally high triglyceride levels (6.1%).  
Table 4 shows a comparison of the healthy positive weight deviants’ anthropometric, 
metabolic, demographic, and behavioral characteristics compared to those who are normal 
weight but unhealthy, overweight, and obese, stratified by sex. Based on the analyses conducted 
among males, age, census region, socioeconomic status score, marital status, occupation, and 
smoking status were all statistically significantly different between weight-status groups 
(p<0.01). Those in the obese group had a higher SES score and tended to be better educated than 
those who are healthy positive weight deviants. Although no dietary differences were observed, 
the difference in physical activity per day (minutes) between the healthy positive weight deviants 
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and the obese group was an average of nearly 30 minutes per day (p<0.02). The prevalence of 
smoking was highest among the healthy positive weight deviants and lowest among the obese 
population.  
Among females, the variables that differed statistically between groups were: age, 
education, socioeconomic status score, marital status, vegetable consumption, and fruit 
consumption. As expected, those who were healthy positive weight deviants were the youngest, 
followed by those who were normal weight, overweight, obese.  
A logistic regression was conducted among males and females separately. The full model 
for males included age, census, region, socioeconomic status score, marital status, occupation, 
and current smoking status. Backwards elimination in the model resulted in a reduced, final 
model that included age, socioeconomic status score, marital status, occupation, and current 
smoking status. Of note, those who smoked had a 54% increased odds of being a healthy positive 
weight deviant compared to those who did not smoke, after controlling for other variables. 
Holding all other covariates constant, the odds of being a healthy positive weight deviant 
decreased by 15% for each point increase in SES score, and decreased for each 10-year increase 
in age. Compared to those who had professional jobs, those who were unemployed had 2.4 times 
the odds of being a healthy positive weight deviant, and those who were plantation workers or 
laborers had 3.1 times the odds, holding all other covariates constant. 
The full model for females included age, census region, socioeconomic status score, 
marital status, vegetable consumption, and fruit consumption. Backwards elimination in the 
model for females resulted in a reduced model that included age, socioeconomic status score, 
marital status, and vegetable consumption. Holding all other covariates constant, the odds of 
being a healthy positive weight deviant decreased by 18% for each point increase in SES score. 
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Of note, holding all other covariates constant, the odds of being a healthy positive weight deviant 
increased by 10% with each extra portion of daily vegetable consumption. 
Discussion 
This study sought to determine the modifiable risk factors that differ between healthy 
positive weight deviants and the rest of the Samoan population. The high prevalence of obesity 
in this nation calls for the identification of behavioral modifications that may help high-risk 
individuals lose weight or prevent excess weight gain. We found that after controlling for a 
variety of covariates (see “Results”), males who were younger, had a lower SES score, were not 
married, who were unemployed or plantation workers, and who were current smokers had higher 
odds of being healthy positive weight deviants. Among females, after controlling for a variety of 
covariates (see “Results”), those who were younger, had lower SES scores, were not married, 
and ate more vegetables had higher odds of being healthy positive weight deviants.  
Occupation in the male model was significantly associated with being a healthy positive 
weight deviant. Compared to those who had professional jobs (generally sedentary), those who 
were unemployed or worked in a plantation had more than two and three times the odds, 
respectively, of being a healthy positive weight deviant, respectively. This finding is similar to 
that of Keighley and colleagues (2006), who observed that those who farm not only have lower 
BMIs than those who do not, but also lower percent body fat due to the physical activity that is 
inherent in farm work. An explanation for why unemployed males were also more likely to be 
healthy positive weight deviants is that because males who reported being unemployed may 
work in family plantations without pay, thus still performing physical activity daily. We 
conjecture that occupation in this study is a better approximation for physical activity than the 
physical activity variable due to inaccuracies in self-report (Prince et al., 2008). While people 
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may find it difficult to estimate the amount of moderate to vigorous physical activity they do 
day-by-day when thinking about work-related activities, the occupation of a participant gives a 
broader, though more accurate account, of how much physical activity each participant is doing 
in relation to another occupation. Findings in a 2011 study (Barnes et al., 2011) give support to 
the occupation and physical activity association: researchers showed that there exists a rural-
urban gap in adult obesity, where there were statistically significant differences in mean BMI 
increases between the farming and urban areas of Samoa. By using occupation as a proxy for 
physical activity then, there is a robust association between exercise and being a healthy positive 
weight deviant. This pattern of occupational physical activity does not hold true among females, 
though, because across the entire female population in this study, the number who were 
plantation workers was negligible (n=28), and unlike males, those unemployed are generally not 
working in the family plantation without wage.  
Increased vegetable consumption in the female model was associated with being a 
healthy positive weight deviant, a finding that is in line with available literature (Bazzano et al., 
2002; Bes-Rastrollo et al., 2006) and counters the norm of reduced consumption of vegetables in 
low and middle income countries that undergo a nutrition transition (Popkin, 2006; Seiden et al., 
2012). The fact that the healthy positive weight deviants in this study counter a national dietary 
shift is an example of positive deviance (Marsh et al., 2004) and should be used as a basis for 
dietary recommendations to the population. 
Unfortunately, people are less likely to be healthy positive weight deviants as they gain 
more material goods. While the relationship between SES and weight is positively correlated in 
low-income countries and negatively correlated in upper-middle income developing countries, 
the relationship between the two in lower-middle income countries has been mixed (Monteiro et 
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al., 2004) and likely changes over time. Based on this study, Samoa exhibits a direct correlation 
between SES and obesity prevalence, a finding that corroborates the association between SES 
and cardiovascular risk factors (Ezeamama et al., 2006). This trend is troubling because the 
nation as a whole is obtaining more material goods (Keighley et al., 2007), suggesting that the 
prevalence of obesity will continue to rise. 
What was unexpected in the male model was the seemingly protective effect of smoking 
for both health and weight, even after adjusting for age. Though perhaps the relationship between 
weight and smoking may have been expected based on existing literature (Chiolero et al., 2008; 
Filozof, Fernandez Pinilla, and Fernandez-Cruz, 2004), the finding that current smokers were 
also categorized as healthy according to our study definition was unexpected. A possible 
reasoning for the observation that smokers were “healthier” could be that smokers tend to be 
younger, and those who are healthy have not had the motivation to cease smoking because they 
have not been diagnosed with the various health outcomes associated with long-term smoking 
(Twardella et al., 2006). Under these circumstances, those who are smoking would more likely 
be healthy than those who have stopped due to illness. Another possible explanation is that 
because smoking is associated with lower weight (Chiolero et al., 2008; Filozof, Fernandez 
Pinilla, and Fernandez-Cruz, 2004), those who smoke would have a better chance of being in the 
normal weight category. As such, we would expect there to be less weight-related comorbidities 
such as high total cholesterol, hypertension, and high triglycerides, the three metabolic risk 
factors used in this study as indicative of health. Given the strong evidence linking smoking to 
various negative health consequences (US Department of Health and Human Services, 2014), 
and the various reasons to explain the link observed in this study between the seemingly 
protective effect for smoking and being a healthy positive weight deviant, it is clear that policy 
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recommendations should not be made to encourage smoking for weight control, particularly 
because the prevalence of smoking among men in this sample is already greater than 50%. 
The cultural backgrounds related to obesity in Samoa are complex: the reliance on 
coconut cream to make meals, the Sunday feasts that take place weekly in which participants 
consume an average of nearly 6,000 calories, the village celebrations—all are part of the fabric 
of Samoan culture, yet all contribute excess calories to the Samoan diet (Keighley et al., 2007; 
DiBello et al., 2009). Between 1980 and 2006, caloric availability of meat and vegetable oils 
grew substantially in Samoa (Seiden et al., 2012). At the same time, there was a movement 
toward sedentary jobs, so although people were eating more, those in the city were not offsetting 
the extra caloric intake through physical activity as rural villagers did through plantation work 
(Keighley et al., 2007). Thus, the combination of increased availability of food and the shift 
toward sedentary jobs contributed to the weight gain that resulted in the high prevalence of 
overweight and obesity in Samoa. In this context, population-level recommendations are needed 
in order to change the current norm of food and physical activity. 
Although the hope was to identify modifiable behavioral risk factors associated with 
maintaining healthy weight in this extremely obesogenic setting, few were identified. It is 
surprising that there were no differences in amount of coconut cream consumed or amount of 
total daily calories consumed between the healthy positive weight deviants and all others. The 
overall calorie intakes are high for a population that does low levels of physical activity. While 
the average minutes of physical activity per day for males was at least 80 minutes for all weight 
categories, among females, it was only an average of 29 minutes for the obese group and a high 
of 52 minutes for the normal weight but unhealthy group. While 52 minutes may seem high, 
average caloric intake among females was around 5000 calories a day, suggesting a need for 
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higher levels of physical activity to offset the calories. As with smoking, a possible reason for 
why high caloric intake and low physical activity does not differ across weight groups is that 
those who are healthy have not had the motivation to change their diets, and once the pattern is 
set, it becomes difficult to break it, especially when consumption of such large amounts of 
calories is the norm. Additionally, there may not have been differences due to inaccurate 
reporting, a common problem with assessing dietary intake (Livingstone et al., 1990; Schoeller, 
Bandini, and Dietz, 1990; Goris, Westerterp-Plantenga, and Westerterp, 2000).  
Obesity is a product of many factors, two of which are the environment and genetic 
heritability (McGarvey, 2012). The study of epigenetics among Samoans is only beginning and 
more needs to be elucidated in this field. Although it has been shown that the FTO gene is not 
associated with obesity in Samoans, this gene is still being explored for potential dietary effects 
(Karns et al., 2012). A current study is underway to try and disentangle the gene-environment 
interaction as it relates to obesity (McGarvey, 2012). For now, we know that genes do play a role 
in obesity, but the extent to which it does is not clear (Aberg, et al, 2008; Aberg et al., 2009). 
Genetic heritability, however, should not be mistaken as the sole reason for weight gain because 
it is the interactions among genes, behavior, and environment that lead to overweight or obesity.  
Policy Implications 
Looking at the main effects, there was a significant difference of nearly 30-minutes in 
daily physical activity among males who were healthy positive weight deviants and those who 
were obese. The healthy positive weight deviants who were males did an average of 111 minutes 
of physical activity per day, which is above the WHO recommendation of at least 150 minutes of 
moderate-level activity per week for adults (WHO, 2010). However, WHO guidelines are not 
tailored for those eating an average of 4,500+ calories per day, as is the case in this population. 
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Females across the sample had very low levels of physical activity, nearly two to three times less 
than their male counterparts; their calorie consumptions, however, averaged 5,000+ per day. 
Although female healthy positive weight deviants reported an average of 38 minutes of physical 
activity a day, they would need much more to offset the reported 5,600 calories consumed per 
day. These results suggest a need for population-level physical activity interventions. 
In addition, the logistic regression model results point to a need for promotion of 
vegetable consumption. It should be stressed that the vegetables need to replace empty calories 
from processed foods that have made its way into the Samoan diet in the past few decades rather 
than be consumed in addition to these food items (DiBello et al., 2009). Specifically in this 
setting, preparation of vegetables should be without coconut cream, as is common, and not in 
coconut cream-based soups to lower concurrent intake of saturated fats and sodium. 
Furthermore, it should be emphasized that “vegetables” means less of the root variety (i.e., 
breadfruit and taro), which are very high in carbohydrate-based calories, and more of the leafy 
green laupele and string beans. Vegetable consumption is associated with being a healthy 
positive weight deviant among females, so promoting this behavior may be beneficial to the 
health outcomes of the greater Samoan population. 
Strengths and Limitations 
Some strengths of this study are the thoroughness and size of the data set. Over 3000 
Samoans were included, and data collection was exhaustive. Analyses looked at all the 
participants stratified first by sex, and then separately by health/weight status and age. To date, 
no paper has tried to discern behavioral differences between the healthy positive weight deviants 
and the rest of the population in Samoa. 
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There were several limitations in this study. First, parity was not asked. It is possible that 
women who are overweight or obese have had more children than those who are healthy positive 
weight deviants. Samoan women gain an average of 14.67±5.29 kgs (32.34±11.66 lbs) between 
weeks 13 and 40 of pregnancy (Hawley et al., 2015) and have an average parity of 4.7 children 
over their reproductive periods (Samoa Bureau of Statistics, 2015). Most women are not only 
overweight/obese early in their pregnancy, but also exceed the recommendation made by the 
National Academy of Medicine (formerly the Institute of Medicine) for gestational weight gain 
(Hawley et al., 2015). Since women tend to retain some weight postpartum, it is likely that 
Samoan women with higher parity are gaining more weight with each pregnancy, thus 
contributing to their own overweight/obese weight status. (Rooney and Schauberger, 2002; 
Keppel and Taffel, 1993). Without having collected this information, though, it was impossible 
to control for parity in the logistic regression model.  
Another potential limitation is that this study took a convenience sample from the 
Samoan population, so there is a possibility that those included in this study are an unhealthier 
subset of the population. Given the large number of participants, however, this limitation is not 
as likely. It should be noted that due to the one metabolic risk factor we allowed healthy positive 
weight deviants to have, there may be residual reverse causality problems—those who knew they 
had health problems may have been making the lifestyle and/or dietary changes needed to 
counteract the problem. Furthermore, physical activity and dietary data were collected using a 
questionnaire rather than using objective measures. Accurate measurements of the two using 
questionnaires tend to be difficult due to difficulties recalling and social desirability-driven 
answers (Prince et al., 2008; Livingstone et al., 1990; Schoeller, Bandini, and Dietz, 1990; Goris, 
Westerterp-Plantenga, and Westerterp, 2000) and future studies should consider using gold-
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standard, more objective measures. More accurate measurement of both may have produced 
different results in both the bivariate analysis and the logistic regression model.  
Future Direction 
Future studies should look into some variables that were not collected in this study. Parity 
in females would give information as to whether those with more children tend to be heavier, as 
parity has been shown to be associated with weight gain (Gore, Brown, and West, 2003), though 
the effects are complicated by age, race, SES, and other demographic factors (Wolfe et al., 1997; 
Brown, Kaye, and Folsom, 1992). Secondly, information about proximity to the nearest 
affordable supermarket selling fresh produce may be useful to have as it has been associated with 
weight (Inagami et al., 2006; Drewnowski et al., 2012). Given what we know about the Sunday 
feast that is part of the Samoan culture (Keighley et al., 2007), collecting dietary information 
specifically in regards to that weekly meal may elucidate whether healthy positive weight 
deviants eat differently from the rest of the population. Future research should also focus on 
trying to obtain more objective dietary and physical activity data in order to track how those two 
behaviors differ among weight categories. Furthermore, collecting information about whether the 
positive weight deviants are conscious of their diet and weight, and whether they are actively 
maintaining their weight, may help us better understand the approach Samoans take in regards to 
food and weight. If possible, interviews with some of the positive weight deviants regarding their 
daily habits may illuminate more detailed information about the types of practices and lifestyle 
choices that lead to normal weight in an obesogenic environment. 
Conclusion 
Based on the results of the analysis conducted, as well as current available information 
about the prevalence of obesity in Samoa, the Samoan government of should make it a priority to 
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fight this public health problem. This study observed the significance of physical activity and 
vegetable consumption in not only keeping BMI in the normal range, but also in staying 
metabolically healthy. Although a population-level program is warranted, the government should 
specifically target the younger generation so that they can establish healthy habits and prevent 
obesity and metabolic disease in middle age.  
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Figure 1: Selection of healthy positive weight deviants from total participant pool 
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Table 1: Descriptive characteristics of 3475 Samoan participants included in the genome wide association study (GWAS) 
study, categorized by age, stratified by gender 
 24.5 to <35 
Years 
(n=360) 
35 to <45 
Years 
(n=335) 
45 to <55 
Years 
(n=395) 





Males      
Demographic Characteristics      
Census Region [n (%)]a      
Apia Urban Area  67 (18.6) 56 (16.7) 89 (22.5) 77 (22.2) 289 (20.1) 
Northwest Upolu  146 (40.6) 121 (36.1) 107 (27.1) 96 (27.7) 470 (32.7) 
Rest of Upolu 96 (26.7) 98 (29.3) 103 (26.1) 82 (23.6) 379 (26.4) 
Savaii  51 (14.2) 60 (17.9) 96 (24.3) 92 (26.5) 299 (20.8) 
      Socioeconomic Status Scoreb [Mean 
(SD)] 
4.7 (2.4) 4.3 (2.5) 4.0 (2.6) 4.2 (2.4) 4.3 (2.5) 
      Education [n (%)]      
No Formal Schooling 3 (0.8) 0 (0.0) 4 (1.0) 2 (0.6) 9 (0.6) 
Less than Primary School 2 (0.6) 0 (0.0) 5 (1.3) 1 (0.3) 8 (0.6) 
Primary School Completed 39 (11.0) 66 (19.9) 126 (32.0) 154 (44.6) 385 (27.0) 
Secondary School Completed 272 (76.4) 235 (70.8) 233 (59.1) 164 (47.5) 904 (63.3) 
College/University Completed 39 (11.0) 26 (7.8) 24 (6.1) 20 (5.8) 109 (7.6) 
Postgraduate Degree 1 (0.3) 5 (1.5) 2 (0.5) 4 (1.2) 12 (0.8) 
      Marital Statusc      
Single [n (%)] 180 (50.7) 66 (19.9) 50 (12.7) 25 (7.2) 321 (22.5) 
Married/Cohabitating [n (%)] 174 (49.3) 265 (80.1) 345 (87.3) 320 (92.8) 1105 (77.5) 
      Occupationd      
Unemployed 68 (19.7) 51 (15.6) 83 (21.8) 102 (31.2) 304 (22.0) 
Plantation Work/Laborer 207 (59.8) 209 (63.9) 222 (58.3) 171 (52.3) 809 (58.6) 
Professional 71 (20.5) 67 (20.5) 76 (19.9) 54 (16.5) 268 (19.4) 
      Physical Characteristics      
Body Mass Index (kg/m2) [mean (SD)]e      
Normal Weight (<26) 110 (30.8) 60 (18.3) 56 (14.3) 52 (15.1) 278 (19.6) 
Overweight (26 - <32) 151 (42.3) 130 (39.5) 146 (37.4) 131 (38.0) 558 (39.3) 
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Obese (≥32) 96 (26.9) 139 (42.2) 188 (48.2) 162 (47.0) 585 (41.2) 
      Abdominal Circumference (cm) [mean 
(SD)] 
93.9 (13.2) 100.8 (13.8) 105.4 (14.3) 107.4 (14.6) 101.9 (14.9) 
      Diabetesf [n (%)]      
No 273 (98.2) 251 (91.3) 256 (76.0) 225 (72.1) 1005 (83.6) 
Yes 5 (1.8) 24 (8.7) 81 (24.0) 87 (27.9) 197 (16.4) 
      Total Cholesterol (mmol/L) [mean (SD)] 4.7 (0.9) 5.2 (0.8) 5.4 (1.0) 5.4 (1.1) 5.2 (1.0) 
      LDL Cholesterol (mmol/L) [mean 
(SD)] 
3.4 (0.9) 3.9 (0.9) 4.0 (1.0) 4.1 (1.2) 3.8 (1.1) 
      HDL Cholesterol (mmol/L) [mean 
(SD)] 
1.3 (0.3) 1.3 (0.3) 1.3 (0.4) 1.3 (0.3) 1.3 (0.3) 
      Triglycerides (mmol/L) [mean (SD)] 1.4 (1.3) 1.5 (0.9) 1.7 (1.2) 1.7 (1.5) 1.6 (1.3) 
      Hypertensiong      
No 272 (77.7) 239 (72.2) 212 (54.4) 172 (50.1) 895 (63.3) 
Yes 78 (22.3) 92 (27.8) 178 (45.6) 171 (49.9) 519 (36.7) 
      Behavioral  Characteristics      
Current Smoker       
No 156 (43.6) 165 (49.5) 196 (49.7) 180 (51.9) 697 (48.7) 
Yes 202 (56.4) 168 (50.5) 198 (50.3) 167 (48.1) 735 (51.3) 
      Physical Activity (MVPA/day)h [Mean 
(SD)] 
118.3 (190.5) 117.2 (187.8) 94.5 (172.0) 63.0 (138.8) 97.9 (174.5) 









      Calories from Protein (%) [Mean (SD)] 16.2 (4.1) 16.0 (4.5) 16.0 (5.0) 16.2 (4.6) 16.1 (4.6) 
Calories from Carbohydrate (%) [Mean 
(SD)] 
50.0 (7.7) 51.1 (8.6) 51.5 (9.3) 50.9 (8.5) 50.9 (8.6) 
Calories from Fat (%) [Mean (SD)] 35.8 (6.2) 35.0 (6.7) 34.6 (7.2) 35.2 (6.7) 35.2 (6.7) 
      Servings Soda per Day (12oz) [Mean 
(SD)] 
1.2 (2.2) 1.4 (3.1) 1.0 (2.2) 1.0 (1.8) 1.1 (2.3) 
      Servings Fruit per Day [Mean (SD)] 2.6 (3.2) 2.9 (3.3) 2.6 (3.2) 2.9 (3.3) 2.7 (3.2) 
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Servings Vegetables per Day [Mean (SD)] 1.8 (1.9) 2.1 (2.2) 1.8 (1.9) 1.9 (2.0) 1.9 (2.0) 
      Coconut Cream per Day (cups) [Mean 
(SD)] 
1.7 (2.9) 1.7 (3.0) 1.6 (2.3) 1.6 (2.2) 1.6 (2.6) 
      Perception of Community Spirit      
Very Weak/Weak [n (%)] 99 (27.8) 88 (26.5) 95 (24.2) 91 (26.3) 373 (26.1) 
Average [n (%)] 187 (52.5) 171 (51.5) 225 (57.3) 193 (55.8) 776 (54.4) 
Strong/Very Strong [n (%)] 70 (19.7) 73 (22.0) 73 (18.6) 62 (17.9) 278 (19.5) 
aPercentages may not sum to 100 due to rounding; bScore represents ownership of household consumer durables (out of a possible 10 items); cSingle includes separated, divorced 
or widowed; d‘Professional’ occupations include managerial, sales, education providers, public servants, clerical and custodial staff; eBody Mass index is categorized using 
Polynesian-specific cut points for weight status; fDiabetes is based on having fasting blood glucose ≥7.0 mmol/L or reporting current use of diabetes medication; gHypertension is 
based on systolic blood pressure ≥140, or diastolic blood pressure ≥90 or reporting current use of hypertension medication; hPhysical Activity was estimated using the WHO 
GPAQ questionnaire 
 
 24.5 to <35 
Years 
(n=485) 
35 to <45 
Years 
(n=561) 
45 to <55 
Years 
(n=561) 





Females      
Demographic Characteristics      
Census Region [n (%)]a      
Apia Urban Area  88 (18.1) 117 (20.9) 114 (20.3) 87 (20.2) 406 (19.9) 
Northwest Upolu  174 (35.9) 156 (27.8) 160 (28.5) 130 (30.2) 620 (30.4) 
Rest of Upolu 122 (25.2) 155 (27.6) 155 (27.6) 110 (25.5) 542 (26.6) 
Savaii  101 (20.8) 133 (23.7) 132 (23.5) 104 (24.1) 470 (23.1) 
      Socioeconomic Status Scoreb [Mean 
(SD)] 
4.2 (2.3) 4.1 (2.5) 4.1 (2.3) 4.4 (2.4) 4.2 (2.4) 
      Education [n (%)]      
No Formal Schooling 2 (0.4) 2 (0.4) 0 (0.0) 3 (0.7) 7 (0.3) 
Less than Primary School 0 (0.0) 0 (0.0) 3 (0.5) 1 (0.2) 4 (0.2) 
Primary School Completed 35 (7.2) 75 (13.4) 123 (22.2) 190 (44.2) 423 (20.9) 
Secondary School Completed 391 (80.8) 442 (79.2) 405 (73.1) 218 (50.7) 1456 (71.9) 
College/University Completed 50 (10.3) 38 (6.8) 21 (3.8) 18 (4.2) 127 (6.3) 
Postgraduate Degree 6 (1.2) 1 (0.2) 2 (0.4) 0 (0.0) 9 (0.4) 
      Marital Statusc      
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Single [n (%)] 116 (24.0) 67 (12.0) 52 (9.3) 41 (9.5) 276 (13.6) 
Married/Cohabitating [n (%)] 367 (76.0) 493 (88.0) 507 (90.7) 389 (90.5) 1756 (86.4) 
      Occupationd      
Unemployed 387 (83.0) 453 (83.1) 457 (84.9) 377 (91.3) 1674 (85.3) 
Plantation Work/Laborer 11 (2.4) 5 (0.9) 7 (1.3) 5 (1.2) 28 (1.4) 
Professional 68 (14.6) 87 (16.0) 74 (13.8) 31 (7.5) 260 (13.3) 
      Physical Characteristics      
Body Mass Index (kg/m2) [mean (SD)]e      
Normal Weight (<26) 50 (10.4) 44 (7.9) 43 (7.7) 39 (9.1) 176 (8.7) 
Overweight (26 - <32) 143 (29.6) 136 (24.3) 153 (27.4) 111 (25.9) 543 (26.7) 
Obese (≥32) 290 (60.0) 380 (67.9) 363 (64.9) 278 (65.0) 1311 (64.6) 
      Abdominal Circumference (cm) [mean 
(SD)] 
104.6 (14.0) 107.7 (14.0) 109.2 (14.1) 111.4 (15.2) 108.1 (14.5) 
      Diabetesf      
No 393 (97.0) 431 (89.8) 369 (73.9) 263 (67.6) 1456 (82.1) 
Yes 12 (3.0) 49 (10.2) 130 (26.1) 126 (32.4) 317 (17.9) 
      Total Cholesterol (mmol/L) [mean (SD)] 4.7 (0.8) 4.9 (0.9) 5.5 (0.9) 5.6 (1.0) 5.2 (0.9) 
      LDL Cholesterol (mmol/L) [mean 
(SD)] 
3.4 (0.8) 3.7 (0.9) 4.2 (1.0) 4.3 (1.1) 3.9 (1.0) 
      HDL Cholesterol (mmol/L) [mean 
(SD)] 
1.4 (0.4) 1.4 (0.3) 1.4 (0.3) 1.4 (0.3) 1.4 (0.3) 
      Triglycerides (mmol/L) [mean (SD)] 1.1 (0.5) 1.2 (1.3) 1.5 (0.8) 1.5 (0.7) 1.3 (0.9) 
      Hypertensiong      
No 408 (84.8) 420 (75.7) 334 (60.5) 211 (49.9) 1373 (68.3) 
Yes 73 (15.2) 135 (24.3) 218 (39.5) 212 (50.1) 638 (31.7) 
      Behavioral  Characteristics      
Current Smoker       
No 376 (77.5) 419 (74.9) 427 (76.3) 371 (86.3) 1593 (78.2) 
Yes 109 (22.5) 142 (25.3) 133 (23.8) 59 (13.7) 443 (21.8) 
      Physical Activity (MVPA/day)h [Mean 
(SD)] 
34.6 (80.6) 37.7 (85.4) 30.3 (77.0) 21.4 (55.5) 31.5 (76.5) 
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      Calories from Protein (%) [Mean (SD)] 15.9 (4.1) 16.2 (4.1) 16.2 (4.3) 16.1 (4.5) 16.1 (4.2) 
      Calories from Carbohydrate (%) [Mean 
(SD)] 
50.5 (8.0) 50.5 (7.8) 51.1 (8.9) 51.0 (9.0) 50.8 (8.4) 
      Calories from Fat (%) [Mean (SD)] 36.2 (6.1) 35.8 (6.5) 35.3 (7.1) 35.5 (6.8) 35.7 (6.8) 
      Servings Soda per Day (12oz) [Mean 
(SD)] 
1.3 (2.3) 1.2 (2.4) 0.9 (1.8) 1.2 (2.5) 1.1 (2.3) 
      Servings Fruit per Day [Mean (SD)] 3.1 (3.5) 3.0 (3.5) 2.7 (3.0) 2.6 (3.0) 2.9 (3.3) 
      Servings Vegetables per Day [Mean (SD)] 2.0 (2.1) 2.0 (2.1) 2.0 (2.0) 1.9 (1.9) 2.0 (2.0) 
      Coconut Cream per Day (cups) [Mean 
(SD)] 
1.5 (2.2) 1.7 (2.4) 1.6 (2.5) 1.5 (2.2) 1.6 (2.3) 
      Perception of Community Spirit      
Very Weak/Weak [n (%)] 133 (27.5) 147 (26.3) 155 (27.7) 118 (27.6) 553 (27.3) 
Average [n (%)] 263 (54.5) 311 (55.6) 292 (52.1) 229 (53.6) 1095 (54.0) 
Strong/Very Strong [n (%)] 87 (18.0) 101 (18.1) 113 (20.2) 80 (18.7) 381 (18.8) 
aPercentages may not sum to 100 due to rounding; bScore represents ownership of household consumer durables (out of a possible 10 items); cSingle includes separated, divorced 
or widowed; d‘Professional’ occupations include managerial, sales, education providers, public servants, clerical and custodial staff; eBody Mass index is categorized using 
Polynesian-specific cut points for weight status; fDiabetes is based on having fasting blood glucose ≥7.0 mmol/L or reporting current use of diabetes medication; gHypertension is 




Table 2: Metabolic risk factor characteristics of the normal weight population (BMI<26 kg/m2) (n=454)a 




Diabetes 31 (8.2%) 345 (91.8%) 
High Cholesterolb 128 (34.7%) 241 (65.3%) 
     High HDL  40 (10.8%) 329 (89.2%) 
     High LDL  292 (79.1%) 77 (20.9%) 
Hypertension 89 (19.7%) 362 (80.3%) 
High Triglycerides 40 (10.8%) 329 (89.2%) 
aMay not sum to 454 due to missing data; b“No” indicates normal cholesterol readings, “yes” indicates high cholesterol readings  
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Table 3: Metabolic risk factor characteristics of healthy positive weight deviants (n=301) with one health condition (n=115; 
38.2%) 
 N (% out of 115) 
Total Cholesterol 71 (61.7%) 
Hypertension 37 (32.2%) 
High Triglycerides  7 (6.1%) 
 
 


















       
Age (years) [mean 
(SD)] 
40.8 (11.8) 42.9 (12.8) 44.5 (11.6) 47.2 (10.4) F=17.7 
p<0.001 
45.6 (11.2) t=5.4 
p<0.001 
        
Census Region [n (%)]d        
Apia Urban Area 28 (15.3%) 10 (10.5%) 95 (17.0%) 154 (26.3%) X2=16.1 
p<0.001 
259 (20.9%) X2=16.1 
p<0.001 Northwest Upolu 55 (30.1%) 45 (47.4%) 185 (33.2%) 173 (29.6%) 403 (32.6%) 
Rest of Upolu 50 (27.3%) 20 (21.1%) 155 (27.8%) 152 (26.0%) 327 (26.4%) 
Savai’i 50 (27.3%) 20 (21.1%) 123 (22.0%) 106 (18.1%) 249 (20.1%) 
        
SES Scoree [mean 
(SD)] 
3.5 (2.4) 4.4 (2.4) 3.9 (2.4) 4.9 (2.4) F=23.6 
p<0.001 
4.4 (2.5) t=4.6 
p=<0.001 
        
Marital Status [n (%)]        
Single, separated, 
divorced, widowed 
68 (37.4%) 34 (36.2%) 129 (23.3%) 88 (15.0%) X2=51.9 
p<0.001 
 
251 (20.4%) X2=25.3 
p<0.001 
Married or cohabitating 114 (62.6%) 60 (63.8%) 425 (76.7%) 497 (85.0%) 982 (79.6%) 
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Education [n (%)]        
No formal schooling 3 (1.6%) 0 (0%) 3 (0.5%) 3 (0.5%) X2=11.9 
p<0.01 
6 (0.5%) X2=1.2 
p<0.3 Less than primary 1 (0.5%) 0 (0%) 4 (0.7%) 3 (0.5%) 7 (0.6%) 
Primary completed 51 (27.9%) 19 (20.0%) 166 (29.9%) 146 (25.1%) 331 (26.8%) 
Secondary completed 117 (63.9%) 70 (73.7%) 350 (62.9%) 361 (62.0%) 781 (63.3%) 
College/uni completed 11 (6.0%) 5 (5.3%) 31 (5.6%) 60 (10.3%) 96 (7.8%) 
Postgraduate degree 0 (0%) 1 (1.1%) 2 (0.4%) 9 (1.5%) 12 (1.0%) 
        
Occupation [n (%)]        
Unemployed/Student/ 
Retired 
37 (21.0%) 22 (24.2%) 118 (21.9%) 123 (21.8%) X2=14.1 
p<0.003 




127 (72.2%) 59 (64.8%) 324 (60.1%) 295 (52.3%) 678 (56.8%) 
Professional 12 (6.8%) 10 (11.0%) 97 (18.0%) 146 (25.9%) 253 (21.2%) 
        
Community Spirit [n 
(%)] 
       
Very weak/weak 46 (25.1%) 32 (34.0%) 147 (26.4%) 145 (24.9%) X2=1.5 
p<0.673 
324 (26.3%) X2=0.07 
p<0.794 Average 101 (55.2%) 40 (42.6%) 310 (55.8%) 318 (54.6%) 668 (54.2%) 
Strong/very strong 36 (19.7%) 22 (23.4%) 99 (17.8%) 119 (20.4%) 240 (19.5%) 
        
Physical Characteristics        
Current smoker [n 
(%)] 
       
No 64 (35.0%) 39 (41.1%) 253 (45.3%) 336 (57.4%) X2=36.4 
p<0.001 
628 (50.7%) X2=36.4 
p<0.001 Yes 119 (65.0%) 56 (58.9%) 305 (54.7%) 249 (42.6%) 610 (49.3%) 
        
Physical activity per 
day (minutes) 








95.6 (175.6) t=-1.1 
p=0.3 
        
Dietary Intake        
Average total calories 
per day [mean (SD)] 







        
Average total fat 
(grams) per day [mean 
(SD)] 
128.7 (23.7) 129.8 (23.7) 128.4 (24.2) 129.6 (25.3) F=0.3 
p<0.842 
129.0 (24.7) t=0.2 
p<0.847 
        
Average total 
carbohydrates (grams) 
per day [mean (SD)] 
419.5 (68.8) 418.4 (69.6) 422.8 (67.5) 418.1 (71.8) F=0.5 
p<0.706 
420.2 (69.7) t=0.1 
p<0.888 
        
Average total protein 
(grams) per day [mean 
(SD)] 
133.2 (40.7) 130.8 (35.8) 131.7 (37.4) 133.4 (37.2) F=0.3 
p<0.831 
132.4 (37.2) t=-0.2 
p<0.806 
        
Fruit consumption 
(per day) [mean (SD)] 






        
Vegetable 
consumption (per day) 
[mean (SD)] 






        
Servings Soda per Day 
(12oz) [Mean (SD)] 
0.9 (1.8) 1.3 (2.8)  1.2 (2.2)  1.2 (2.6) F=2.3 
p<0.126 
1.2 (2.4) t=1.5 
p=0.125 
        
 aThe normal weight group includes males who were normal weight, but had >1 metabolic risk factor; bSum of totals may vary due to missing data for some variables. Total differs 
from that of Table 1 due to missing weight information; cAll other males includes those who were high risk normal weight, overweight, and obese. This group is compared to the 
HPWD; dPercentages may not always sum to 100% due to rounding; eSES=socioeconomic status score. The score represents ownership of household consumer durables (out of a 
possible 10 items). 
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Age (years) [mean 
(SD)] 










        
Census Region [n (%)]d        
Apia Urban Area 17 (14.4%) 8 (13.8%) 89 (16.4%) 292 (22.3%) X2=32.5 
p<0.0001 
389 (20.3%) X2=32.5 
p<0.0001 Northwest Upolu 20 (16.9%) 22 (37.9%) 153 (28.2%) 422 (32.2%) 597 (31.2%) 
Rest of Upolu 42 (35.6%) 14 (24.1%) 151 (27.8%) 330 (25.2%) 495 (25.9%) 
Savai’i 39 (33.1%) 14 (24.1%) 150 (27.6%) 267 (20.4%) 431 (22.5%) 
        
SES Scoree [mean 
(SD)] 






        
Marital Status [n (%)]        
Single, separated, 
divorced, widowed 
28 (23.9%) 12 (20.7%) 88 (16.2%) 147 (11.2%) X2=22.4 
p<0.001 
247 (12.9%) X2=10.4 
p<0.001 
Married or cohabitating 89 (76.1%) 46 (79.3%) 455 (83.8%) 1160 (88.8%) 1661 (87.1%) 
        
Education [n (%)]        
No formal schooling 0 (0%) 0 (0%) 1 (0.2%) 6 (0.5%) X2=11.3 
p<0.01 
7 (0.4%) X2=0.8 
p<0.4 Less than primary 0 (0%) 0 (0%) 2 (0.4%) 2 (0.2%) 4 (0.2%) 
Primary completed 30 (25.4%) 23 (40.4%) 116 (21.5%) 250 (19.2%) 389 (20.5%) 
Secondary completed 80 (67.8%) 30 (52.6%) 390 (72.2%) 955 (73.2%) 1375 (72.3%) 
College/uni completed 8 (6.8%) 4 (7.0%) 29 (5.4%) 85 (6.5%) 118 (6.2%) 
Postgraduate degree 0 (0%) 0 (0%) 2 (0.4%) 6 (0.5%) 8 (0.4%) 
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Occupation [n (%)]       
Unemployed/Student/ 
Retired 
101 (88.6%) 47 (85.5%) 447 (85.9%) 1074 (85.2%) X2=1.0 
p<0.803 




1 (0.9%) 1 (1.8%) 11 (2.0%) 15 (1.2%) 27 (1.5%) 
Professional 12 (10.5%) 7 (12.7%) 67 (12.1%) 172 (13.6%) 246 (13.4%) 
        
Community Spirit  [n 
(%)] 
       
Very weak/weak 34 (29.3%) 19 (32.8%) 142 (26.2%) 356 (27.3%) X2=1.4 
p<0.712 
517 (27.1%) X2=0.3 
p<0.556 Average 62 (53.4%) 29 (50.0%) 311 (57.3%) 690 (52.9%) 1030 (54.0%) 
Strong/very strong 20 (17.2%) 10 (17.2%) 90 (16.6%) 259 (19.8%) 359 (18.8%) 
        
Physical Characteristics        
Current smoker [n 
(%)] 
       
No 88 (74.6%) 42 (72.4%) 424 (78.1%) 1034 (78.9%) X2=2.5 
p<0.482 
1500 (78.5%) X2=2.5 
p<0.482 
Yes 30 (25.4%) 16 (27.6%) 119 (21.9%) 276 (21.1%) 411 (21.5%)  
        
Physical activity per 
day (minutes) 












        
Dietary Intake        
Average total calories 











5028.0 (4576.3) t=-1.3 
p<0.186 
        
Average total fat 
(grams) per day [mean 
(SD)] 
132.0 (22.8) 130.3 (25.6) 130.0 (24.5) 131.2 (24.1) F=0.4 
p<0.734 
130.8 (24.3) t=-0.5 
p<0.600 
        
Average total 
carbohydrates (grams) 
415.7 (71.8) 412.2 (75.7) 421.5 (67.8) 418.3 (67.3) F=0.6 
p<0.628 
419.0 (67.7) t=0.5 
p<0.614 
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per day [mean (SD)] 
        
Average total protein 
(grams) per day [mean 
(SD)] 
134.1 (40.0) 140.2 (41.2) 131.9 (34.6) 132.6 (34.5) F=1.1 
p<0.369 
132.6 (34.7) t=-0.5 
p<0.643 
        
Fruit consumption 
(per day) [mean (SD)] 






        
Vegetable 
consumption (per day) 
[mean (SD)] 
2.4 (2.4) 2.1 (2.0) 2.0 (2.1) 1.9 (2.0) F=1.8 
p<0.150 
2.0 (2.0) t=-2.1 
p<0.037 
        
Coconut Cream per 
Day (cups) [Mean 
(SD)] 
1.7 (2.2) 1.8 (2.4) 1.5 (2.1) 1.7 (2.4) F=1.0 
p<0.411 
1.6 (2.3) t=-0.5 
p<0.627 
        
Servings Soda per Day 
(12oz) [Mean (SD)] 






        
aThe normal weight group includes males who were normal weight, but had >1 metabolic risk factor; bSum of totals may vary due to missing data for some variables. Total differs 
from that of Table 1 due to missing weight information; cAll other females includes those who were high risk normal weight, overweight, or obese. This group is compared to the 
HPWD; dPercentages may not always sum to 100% due to rounding; eSES=socioeconomic status score. The score represents ownership of household consumer durables (out of a 





Table 5a: Logistic regression models for males; dependent variable = healthy positive weight deviates vs. all others 
 Full Model Final Model 
Characteristic (Males) OR (95% CL) p-value OR (95% CL) p-value 
Age (10 year age group)     
     24.5 to <35 1.00 --- 1.00 --- 
     35 to <45 0.54 (0.34, 0.85) <0.009 0.55 (0.34, 0.86) <0.009 
     45 to <55 0.41 (0.25, 0.65) <0.001 0.42 (0.26, 0.67) <0.001 
     55 to <65 0.38 (0.22, 0.63) <0.001 0.39 (0.23, 0.65) <0.001 
Census Region     
     Apia Urban Area 1.00  ---   
     NW Upolu 1.02 (0.61, 1.74) <0.929   
     Rest of Upolu 1.08 (0.64, 1.85) <0.777   
     Savaii 1.37 (0.80, 2.39) <0.245   
Socioeconomic Status Score 0.86 (0.80, 0.92) <0.001 0.85 (0.79, 0.91) <0.001 
Marital Status     
     Single, separated, divorced, widowed 1.00 --- 1.00 --- 
     Married or cohabitating 0.59 (0.40, 0.88) <0.008 0.59 (0.40, 0.87) <0.008 
Occupation     
     Professional 1.00 --- 1.00 --- 
     Unemployed 2.44 (1.24, 5.09) <0.012 2.42 (1.24, 5.04) <0.013 
     Plantation worker/laborer 3.02 (1.67, 5.95) <0.001 3.14 (1.75, 6.17) <0.001 
Current Smoker     
     No 1.00 --- 1.00 --- 
     Yes 1.55 (1.10 2.19) <0.013 1.54 (1.10, 2.18) <0.013 
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Table 5b: Full logistic regression model for females; dependent variable = healthy positive weight deviates vs. all others 
 Full Model Final Model 
Characteristic (Females) OR (95% CL) p-value OR (95% CL) p-value 
Age (10 year age group)     
     24.5 to <35 1.00 --- 1.00 --- 
     35 to <45 0.58 (0.35, 0.97) <0.038 0.62 (0.37, 1.02) <0.064 
     45 to <55 0.40 (0.22, 0.71) <0.002 0.43 (0.24, 0.74) <0.003 
     55 to <65 0.46 (0.25, 0.84) <0.014 0.46 (0.25, 0.83) <0.012 
Census Region     
     Apia Urban Area 1.00  ---   
     NW Upolu 0.53 (0.26, 1.10) <0.087   
     Rest of Upolu 1.42 (0.78, 2.67) <0.267   
     Savaii 1.59 (0.86, 2.96) <0.155   
Socioeconomic Status Score 0.86 (0.78, 0.94) <0.002 0.82 (0.75, 0.90) <0.001 
Marital Status     
     Single, separated, divorced, widowed 1.00 --- 1.00 --- 
     Married or cohabitating 0.60 (0.36, 1.02) <0.048 0.54 (0.34, 0.90) <0.013 
Vegetable consumption 1.07 (0.96, 1.20) <0.242 1.10 (1.00, 1.19) <0.042 
Fruit consumption 1.03 (0.96, 1.11) <0.362   
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